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COVER: Table-top model of planned antennas and transmitters for NBS 
radio stations WWVB and WWVL shows the two diamond-shaped antennas, 
each supported by four steel masts, and the transmitter building between 
the antennas, beside the road. The antennas cover 200 acres. One antenna 


will be used by WWVB for transmissions at 60 ke/s, and the other by WWVL 
for transmissions at 20 ke/s. Each transmitter will have a power output 
of 50 kw; it is expected that this will permit WWVB to be received throughout 
the United States and WWVL around the world. (See story, p. 185.} 


Electrical Polarization Technique Useful for 
Corrosion Studies 


IN RECENT experiments, W. J. Schwerdtfeger of the 
metal reactions laboratory used electrical measurements 
to calculate the corrosion rates and resulting weight 
losses of iron-chromium and _ iron-chromium-silicon 
specimens.t The method had been previously em- 
ployed at the Bureau to measure the ccrrosion rates of 
iron, steel, and aluminum specimens.” The results of 
this cumulative work indicate that the technique may 
have practical applications in evaluating the effects of 
different alloying constituents on corrosion behavior, 
or in the screening of materials for long-time exposure 
studies. 

In the method employed, direct-current voltage is ap- 
plied between the corroding specimen and an auxiliary 
electrode. The resulting current between the specimen 
and the electrode and the potential difference between 
the specimen and a standard reference electrode are 
then measured. When the specimen is made the cath- 
ode, the relationship between the potential and the ap- 
plied current is known as cathodic polarization; when 
the polarity of the applied voltage is reversed, the 
specimen becomes the anode and this relationship is 
known as anodic polarization. 

In applying either the cathodic or the anodic cur- 
rents, the local action corrosion currents on the speci- 
men surface are reduced to zero. When the applied 
current required to accomplish this reaction is smaller 
during cathodic than during anodic polarization the 
corrosion reaction is under cathodic control; similarly, 
when this current is larger during cathodic than during 
anodic polarization the corrosion reaction is under an- 
odic control. Values of applied current which reduce 
the corrosion currents to zero are obtained from 
changes-in-slope or “breaks” in the respective polariza- 
tion curves (current versus potential) and are used to 
calculate instantaneous corrosion currents. Faraday’s 
law is applied to the resulting data to calculate total 
weight loss for the exposure period. 

Previous studies at the Bureau generally were con- 
fined to corrosion processes which were under cath- 
odic control, that is, most of the apparent surface of 
the specimens was affected by corrosion. In the cur- 
rent work (see footnote 1) the apparent area corroded 
varied from less than one percent in high-chromium- 
content specimens under anodic control to about 85 
percent of the exposed surface in low-alloy iron speci- 
mens under cathodic control. Thus, the results of the 
work indicate the flexibility of the polarization tech- 
nique for corrosion studies. 

In the present experiments, sand-cast electrolytic iron 
was used for the specimens. One set of 10 castings 
contained chromium in varying amounts up to 18 per- 
cent; a second set of 10 had similar amounts of chro- 
mium but contained, in addition, about 3.5 percent 
silicon. The castings were annealed and then machined 
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to form speciments 0.625 in. in diameter and 12 in. 
long. A 0.19-in.-diam. hole was drilled through each 
specimen 0.16 in. from one end. 

Each specimen was completely submerged in salt 
water in an open wooden vat, 66 in. in diameter and 19 
in. high, and held in a vertical position by a Nichrome 
wire (0.010 in. in diameter) looped through the drilled 
hole and attached to a horizontal bar arrangement 
across the top of the vat. The auxiliary electrodes con- 
sisted of 0.5-in.-diam. steel rods fastened vertically to 
the inside wall of the vat. Current was furnished by 
an external battery shunted across a synchronously 
driven potentiometer which was connected to one speci- 
men at a time. Potentials were measured with refer- 
ence to a saturated calomel electrode. 

The 10 specimens without silicon were exposed for a 
period of 65 days. Later, the 10 specimens with sili- 
con were exposed to a fresh salt solution for 80 days. 
Polarization data were obtained twice weekly during 
the first two weeks, and about weekly thereafter, with 
a two-pen (current and potential) strip chart recorder. 
A bridge circuit, used in conjunction with the recorder, 
balanced out undesirable resistance in the system. 

At the conclusion of the exposure periods the data 
were plotted on semilogrithmic coordinates. No dif- 
ficulty was encountered in locating “breaks” in the an- 
odic polarization curves of the high-chromium-content 
specimens. When cumulative weight losses were com- 


piled and compared with the actual weight losses found 

in the specimens, good agreement was found. 
According to the data, as the chromium content of 
the specimens increased, the corrosion control became 
(Continued on p. 192) 


Measuring the corrosion rates of specimens in a vat of 
salt water by a polarization technique. Iron-chromium 
and iron-chromium-silicon specimens were used. 
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Constitution Diagram for the Niobium-Tin System 
facilitates production of superconductor 


IN RECENT Bureau efforts to fabricate a niobium- 
sheathed Nb;Sn-core wire, it soon became apparent that 
the niobium-tin (Nb-Sn) system was more complex 
than was shown by an Nb-Sn constitution diagram pub- 
lished earlier.1_ To provide a firm basis for preparing 
the desired material, experiments were undertaken in 
which the phase relations of importance in the niobium- 
tin system were determined. Optical metallography, 
thermal analyses, and electron probe microanalyses 
were employed for the study. The resulting diagram 
(see figure) is considered tentative because solubility 
limits of the various compounds have not been pre- 
cisely established, and only approximate values are 
given for the various temperatures shown.” 

The new diagram indicates the metallurgical prob- 
lems to be anticipated in producing Nb;Sn, the system’s 
intermetallic compound which exhibits outstanding 
superconducting properties. The suitability of this 
material is being investigated for making solenoidal 
magnets that will produce magnetic fields of 200 kgauss 
or more.* The experimental data used to construct the 
diagram were obtained by L. L. Wyman, J. R. Cuthill, 
G. A. Moore, J. J. Park, and H. Yakowitz, metallurgists 
on the Bureau’s staff, in research sponsored by the 
Atomic Energy Commission for Project Sherwood. 


Initial Experiments 


Diffusion specimens were employed to obtain vis- 
ually a rapid qualitative survey of the entire system. 
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Constitution diagram of the niobium-tin alloy recently 
constructed at the National Bureau of Standards. The 
diagram indicates the various intermediate phases that 
occur in the system at different temperatures and with 
different proportions of the two component metals. 
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The specimens consisted of porous niobium bars im- 
mersed in molten tin for periods of time and at tem- 
peratures that had previously produced good super- 
conducting Nb.Sn wire.* In this type of specimen the 
tin is drawn up into the bar to fill the interstices; thus, 
the various phases that can form from the tin-rich end 
to the niobium-rich end of the system are expected to 


form. To identify the various phases present, an an- 


odizing technique ° was used on the specimens to pro- 
duce the following characteristic colors of the varions 
constituents present: 


Constituent Assigned color names ° Common colur 
Nb Light Beryl Blue_____-. Very pale blue. 
NbiSoe Calamine Blue_-_____-. Medium blue. 
Nb:sn]===ee Orient == ee Dark blue. 
Nbisn2==== PurpleyAsters...=— = Violet. 
Nb2Snz_____-_- Burnt Sienna_____-__-. Reddish brown. 
Sn eee Chrome Lemon__-_----- Very pale yellow. 


Additional Experiments 


As a result of this work, additional experiments were 
undertaken to obtain data for compiling the diagram. 
Many of the data were obtained from specimens pre- 
pared by compressing and sintering mixed tin and ni- 
obium powders in various proportions, and pressing the 
powders into a niobium tube that was then sealed with 
niobium plugs. Such specimens were reacted at vari- 
ous temperatures and quenched either to room tem- 
perature, or to an intermediate temperature where 
they were held until the equilibrium phase occurring at 
that temperature was established. 

The composition of each phase in the system was de- 
termined with an electron probe microanalyzer recently 
constructed at the Bureau.’ With this instrument, the 
composition of an individual grain or crystallite may 
be found by analysis of characteristic fluorescent 
X-rays emitted by the grain after bombardment with a 
very finely focused beam of electrons. The bombarded 
region has dimensions of the order of a few microns. 

The percentage of each phase present was deter- 
mined by a digital computer analysis method in 
which specimen photomicrographs are electronically 
scanned.® This method also provided data on the con- 
tinuity or connectivity of each phase, a metallurgical 
factor which may be of importance in determining the 
superconducting properties of a particular Nb,Sn 
wire. 

The melting point of the Nb,Sn congruent melting 
compound (identified as Nb,Sn in the earlier diagram) 
is estimated from optical pyrometer measurements to 
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be about 2050 °C. The portion of the diagram be- 
tween this compound and the pure niobium is similar to 
the same portion of the earlier diagram. 


1The structure and properties of niobium-tin alloys, 
Izvest. Akad. Nauk S.S.S.R. Met. 1 Toplivo (Teklin) 
No. 5, pp. 138-141 (1959) (in Russian). 

* For further technical details, see Intermediate phases 
in superconducting niobium-tin alloys, by L. L. Wyman, 
J. R. Cuthill, G. A. Moore, J. J. Park, and H. Yakowitz, 
J. Research NBS 66A (Phys. & Chem.) No. 4, 351-363 
(July-Aug. 1962). 

*Superconductivity of NbsSn in pulsed fields of 185 
kgauss, by V. D. Arp, R. H. Kropschot, J. H. Wilson, 
W. F. Love, and R. Phelan, Phys. Rev. Letters 6, 452 
(May 1, 1961); also Superconductivity maintained un- 


der high magnetic field, NBS Tech. News Bull. 46, 14 
(1962). 

* Superconductivity in NbsSn at high current density 
in a magnetic field of 88 kgauss, by J. E. Kunzler, E. 
Buehler, F. S. L. Hso, and J. H. Wernick, Phys. Rev. 
Letters 6, 89 (1961). 

° Anodizing as a metallographic technique for zir- 
conium base alloys, by M. L. Picklesimer, U.S. Atomic 
Energy Commission ORNL-2296 (1957). 

* Dictionary of Color, by A. Maerz and M. R. Paul, 
McGraw-Hill Co., Inc., New York, N.Y. (1930). 

7 Phase-equilibrium studies in metallurgical systems, 
NBS Tech. News Bull. 45, 170 (1961). 

* Comments on the possibilities of performing quanti- 
tative metallographic analysis with a digital computer, 
by G. A. Moore, L. L. Wyman, and H. M. Joseph, in 
Quantitative Metallography, edited by F. N. Rhines, 
McGraw-Hill Co., Inc. (in press). 


Diffusion Kinetics in Crystals 


THEORETICAL studies of diffusion kinetics in 
crystals are being carried out by J. R. Manning and 
R. E. Howard of the metal physics laboratory. The 
object of kinetic theories of diffusion is to relate the 
macroscopic quantities which are measured in diffusion 
experiments to such microscopic quantities as atom 
jump frequencies, the latter involving the probability of 
an atom’s movement from one lattice site to another. 
The Bureau studies have indicated that some previously 
accepted diffusion equations need to be modified. 

Most solid materials have a crystalline structure, 
with the atoms arranged in a periodic lattice. This 
regular arrangement inhibits the motion of the atoms 
and makes diffusion more difficult than in a gas or 
liquid. In a perfect crystal, each atom is completely 
surrounded by others, so that atoms normally cannot 
move from one lattice site to another. However, in 
thermodynamic equilibrium at temperatures above 
absolute zero, a certain number of lattice sites are 
vacant. An atom can make a diffusion jump by moving 
into a neighboring vacant site and leaving a vacancy at 
the position it formerly occupied. This vacancy then 
is available to allow further jumps by either the original 
atom or other neighboring atoms. Vacancies move 
through the crystal as the result of atom jumps, and 
cause many different atoms to jump from site to site. 

The simplest theory relating the atom jump fre- 
quency to the macroscopic diffusion coefficient assumes 
that the atoms follow a “random walk.” According 
to this theory, the atom first jumps in one direction, 
then at random in another direction, then in another, 
and so on for a large number of random jumps. This 
theory has been quite successful in describing diffusion 
phenomena qualitatively. However, when diffusion oc- 


One phase of the investigation of the diffusion process 
in crystals is a study of the effect of a flow of vacancies 
on diffusion. When a vacancy flow is from right to left, 
as in the drawing, individual vacancies are more likely to 
approach the tracer (marked X) from the right than 
the left, resulting in a greater probability of the tracer 
moving towards the right. 
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curs by means of vacancies, this random walk theory 
must be modified. The Bureau studies were designed 
to determine some of these modifications, particularly 
those arising when there is a flow of vacancies. 


Correlation Effects 


After an atom has exchanged places with a vacancy, 
the vacancy is in the proper position to allow a second 
jump of the atom, taking it back to its original site. 
As a result, subsequent jumps by the atom have a 
greater than random probability of being in this re- 
verse direction, and the random walk theory must be 
replaced by a “correlated walk” analysis. This analysis 
includes the correlation between the directions of suc- 
cessive atom jumps and introduces an additional term, 
called the correlation factor, into the diffusion 
equations.* 

The correlation factor essentially gives the fraction 
of atom jumps which are effective in causing random 
diffusion. When an atom jumps in one direction and 
then makes a nonrandom jump back to its original 
site, neither the first jump nor the reverse jump is 
effective in causing random diffusion, as the two jumps 
merely cancel one another. Thus, one can define an 
effective jump frequency of random jumps, ve, which 
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differs from the actual jump frequency, va. These two 


frequencies are related by the equation 


Ve fra, (1) 


where the correlation factor f is smaller than unity. 
For self-diffusion, the correlation factor ranges between 
0.78 for a face-centered cubic lattice and 0.50 for a 
diamond lattice. 

When the motion of a foreign atom (impurity) in a 
crystal is considered, the correlation factor can become 
almost zero for a fast diffusing impurity or almost 
unity for a slow diffusing impurity. Also, the correla- 
tion factor for impurity diffusion depends on the rela- 
tive values of the vacancy jump frequencies near an 
impurity.” Theoretical expressions for the correlation 
factor are useful in determining relative frequencies 
from experimental data. These frequencies depend 
on basic quantities in the theory of solids, such as 
interatomic forces and vacancy-impurity binding 
energies. Kinetic studies of diffusion should lead to 
increased understanding of these basic quantities. 


Effect of a Flow of Vacancies 


The correlation factor arises because the motion of 
an atom itself affects the distribution of vacancies in 
its vicinity. In addition, the vacancy distribution can 
be affected by the motion of other atoms (for example, 
by a flow of vacancies) . 

If there is a driving force which tends to make the 
atoms jump more frequently in one direction than 
another, a flow of vacancies will arise. In the drawing 
on p. 179, the driving force makes the atoms jump more 
frequently to the right than to the left. The individual 
vacancies thus move toward the left, and there is a 
vacancy flow from right to left through the crystal. 
This flow affects the diffusion process. For example, 
consider the effect on the tracer atom marked X in 
the figure. This atom cannot move until a vacancy 
arrives at a neighboring site. Because of the vacancy 
flow, vacancies approach atom X more frequently from 
the right than from the left. Consequently, atom X 
will tend to jump to the right more frequently than 
to the left. The Bureau has shown that, since each atom 
in the crystal is affected by the vacancy flow in this 
same manner, the vacancy flow enhances the already 
existing flux of atoms, and a “vacancy flow term” must 
be added to the diffusion equations describing the atom 
flux. 


Ja 
A Jp B 
Jy 
Jy =— (Ja - Ug) =—Jatoms 
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Kirkendall Shift 


An important application of the vacancy flow analy- 
sis developed by the Bureau is in the case of chemical 
interdiffusion and the Kirkendall shift. When a crystal 
of element A is joined to one of element B, diffusion will 
occur across the interface between the two crystals. 
A flux J, of A atoms diffuses in one direction while a 
flux of Jz of B atoms diffuses in the opposite direction. 
In general, J4 will not equal Jz, so there will be a net 
flow of atoms across the interface. As each atom jump 
gives rise to a vacancy jump in the opposite direction, 
there will be a flow of vacancies equal in magnitude but 
opposite in direction to the flow of atoms. This va- 
cancy flux leads to a “vacancy flow term” in the diffu- 
sion equations for the atom flux, as already described. 

The atom flow can be measured by determining the 
crystal volume on either side of the interface both be- 
fore and after diffusion. For example, one can measure 
the apparent shift in position of a set of inert marker 
wires located originally at the interface. If the crystal 
cross section normal to the diffusion direction is con- 
stant, the shift relative to a fixed lattice plane at the 
end of the specimen will be directly proportional to 
the total atom flow across the interface. Such a shift, 
which is called the Kirkendall shift, has been observed 
many times by various investigators. Darken? ex- 
plained this shift qualitatively as described above and 
derived equations relating it to tracer diffusion coefh- 
cients in homogeneous alloys. However, Darken did 
not include a vacancy flow term in his equations. NBS 
studies show that when this term is properly included,‘ 
the predicted Kirkendall shift is increased—in most 
cases by 25 to 28 percent. Also, other interdiffusion 
measurements which are of interest in practical situa- 
tions are affected by the vacancy flow term. For ex- 
ample, the chemical interdiffusion coefficients, which 
measure the rate of mixing of elements A and B, are 
in many cases increased by 5 to 10 percent. 


Drift Mobility 


A second experiment where the effect of the vacancy 
flow term is large involves the diffusion of an ionic im- 
purity in an electric field. Here, the field exerts a 
direct force on the charged solvent ions, causing an 
atom flow in one direction and a vacancy flow in the 
opposite direction. The vacancy flow affects the mo- 
tion of the impurities. When this effect is included, 
the drift mobility of a dilute impurity (equal to its 
average velocity in unit electric field) is given by the 
equation ° 


1420). (2) 


The Kirkendall effect. When a crystal containing type 
A atoms is joined to a crystal of type B atoms, diffusion 
occurs across the interface. If the diffusion takes place 
by a vacancy mechanism, the vacancy flux Jy is equal in 
magnitude but opposite in direction to the net atom flux 
J a—J Be a) 
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» being the impurity drift mobility, D the impurity 
diffusion coefficient, and e the charge of the impurity, 
which is assumed to be the same as that of the solvent 
ions. Also, & is Boltzmann’s constant, T is the absolute 
temperature, and L depends on the vacancy jump fre- 
quencies near an impurity. 

The first term inside the parentheses in this equation 
arises from the direct force the electric field exerts on 
the charged impurity ion. The second term is the 
vacancy flow term and rises from the indirect effect 
the flow of solvent ions (and hence vacancies) has on 
the motion of the impurity. The expression »/D= 
e/kT, which forms the first part of eq (2), is the tra- 
ditional Nernst-Einstein equation. The vacancy flow 
term causes deviations from this equation. In a 
sodium chloride lattice, 22 can range between —2 
and +3. Thus, the effect of this term can be quite 
large. For self-diffusion, where the impurity and 
solvent ions are the same, the factor 1+2L reduces to 
f*, where f is the correlation factor. 

As L depends on the vacancy jump frequencies near 
an impurity, measurement of » and D for the impurity, 
along with measurements of the impurity correlation 
factor and solvent diffusion coefficient, will allow one 
to calculate relative values of these frequencies. 


Other Applications 


Whenever diffusion is by a vacancy mechanism and 
there is a driving force tending to make atoms jump 
more frequently, in one direction than another, a flow 


of vacancies will arise. This flow will always increase 
the net atom flux. Equations have been derived by Dr. 
Manning which apply to any general driving force.* 
The driving force may be a chemical potential gradient 
or an electric field, as considered in the applications 
above, or it may arise from some other source. Of 
these other possibilities, only effects from a temperature 
gradient have been considered explicitly.© However, 
applications to other driving forces should not be diffi- 
cult. Once the driving force is described in detail, ap- 
plication of the general equations is quite straightfor- 
ward. Other driving forces could involve electron 
momentum effects, stress fields, or other physical forces 
which make the potential energy of an atom dependent 
on position. 


1J. Bardeen and C. Herring, Imperfections in Nearly 
Perfect Crystals, ed. W. Shockley, J. H. Holloman, R. 
Maurer, and F. Seitz, p. 261 (John Wiley & Sons, Inc., 
New York, 1952). 

* Correlation effects in diffusion in crystals, by A. D. 
LeClaire and A. B. Lidiard, Phil. Mag. 1, 518 (1956). 
See also Correlation effects in impurity diffusion, by J. R. 
Manning, Phys. Rev. 116, 819 (Nov. 15, 1959). 

* Diffusion, mobility, and their interrelation through 
free energy in binary metallic systems, by L. S. Darken, 
Trans. Am. Inst. Mining Met. Engrs. 175, 184 (1948). 

*Diffusion in a chemical concentration gradient, by 
J. R. Manning, Phys. Rev. 124, 470 (Oct. 15, 1961). 

° Drift mobility of an ionic impurity in an electric field, 
by J. R. Manning, Phys. Rev. 125, 103 (Jan. 1, 1962). 

° Theory of thermal diffusion in dilute alloys, by R. E. 
Howard and J. R. Manning, J. Chem. Phys. 36, 910 
(Feb. 15, 1962). 


THERMAL RADIATION SYMPOSIUM 


APPROXIMATELY 250 scientists from both Gov- 
ernment and industry attended the symposium on 
Measurement of Thermal Radiation Properties of 
Solids,: held September 5, 6, and 7, 1962, in Dayton, 
Ohio. The meeting was sponsored jointly by the 
Aeronautical Systems Division (ASD), Air Force Sys- 
tems Command, U.S. Air Force; the National Bureau 
of Standards (NBS), Department of Commerce; and 
the National Aeronautics and Space Administration 
(NASA). The main purpose of the symposium was 
to discuss instrumentation and techniques for measur- 
ing properties such as emittance (emissivity), absorp- 
tance, reflectance, and transmittance of materials. The 
temperature range of interest extended from 0 °K to 
above 3000 °K, and the wavelength range of interest 
extended from the ultraviolet into the infrared to 15 
microns and beyond. During the symposium, the most 
up-to-date information now available on measuring 
thermal properties at temperature extremes was 
presented. 

General chairman of the symposium was James J. 


Gangler, NASA. Col. L. R. Standifer, Director, Ma- 
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terials Central, ASD, gave a brief opening address. He 
discussed the importance of thermal emittance data 
to scientific and engineering knowledge and applica- 
tions. He also pointed out that such data can be de- 
veloped only through the intense cooperative effort of 
scientists in both Government and industry. 


Temperature Measurements 
The first session, with William N. Harrison of NBS 


as chairman and first speaker, dealt with the basic 
aspects of and needs for thermal emittance measure- 
ments. Mr. Harrison described the pitfalls that may 
cause serious delays or errors in thermal emittance 
measurements. One of these pitfalls is the “language 
handicap” resulting from conflicting terminology 
sponsored by different authorities and recognized or- 
ganizations. Both scientific and technical societies and 
appropriate government agencies were urged to stan- 
dardize thermal emittance nomenclature, so that rapid 
exchanges of information could be achieved. Other 


pitfalls pointed out pertain to incomplete specimen de- 
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scription, the role of surfaces in thermal emission, in- 
homogenity and diffuse reflection, restrictive conditions 
required for validity of basic equations, and tempera- 
ture problems posed by gradients in specimens having 
relatively low extinction coefficients. 

J. L. Riddle of NBS reported on the adoption of the 
triple point of water and the freezing point of zinc as 
defining fixed points on the International Practical 
Temperature Scale. These new defining fixed points 
replace the formerly used ice point and the boiling 
point of sulfur. He also reviewed the use of the gas 
thermometer in establishing the thermodynamic tem- 
perature scale, and gave a detailed description of 
platinum resistance thermometers for accurate measure- 
ments within the temperature range 10 to 1000 °K. 

H. J. Kostowski and G. W. Burns of NBS discussed 
the principles of thermocouple and radiation thermom- 
etry above 900 °K, and listed the precision and accu- 
racy possible with available commercial instruments. 


Corrections and recommendations for accurate tem- 
perature measurements with optical and photoelectric 


pyrometers were explained, and the stability, and tem- 
perature and environmental limitations of thermocou- 
ples were described. 


Measurements at Satellite Temperatures 
(200 to 450 °K) 


Gerhard B. Heller of NASA, chairman of the second 
session, talked about the requirements for emittance 
measurements of thermal control surfaces of space- 
craft. He explained the thermal environment of space- 
craft and described requirements for laboratory meas- 
urements and determinations of thermal effects on 
spacecraft surfaces. Special emphasis was given to 
the requirements of the SATURN vehicle and payloads 
for manned lunar projects. 

A new ‘type of instrument was presented by W. B. 
Fussell of NASA. This instrument measures solar 
reflectance of actual space vehicles, thus filling the gap 
between laboratory measurements and full-scale ther- 
mal tests of the spacecraft in a vacuum chamber. J. E. 
Janssen of the Minneapolis-Honeywell Regulator Com- 
pany reported on an integrating hemisphere reflectom- 
eter used for measuring the spectral diffuse reflectance 
of materials. W. M. Brandenberg of General Dy- 
namics/Astronautics described a special reflectometer 
which measures reflectance of imperfectly diffusing 
samples as a function of angle of incidence. 

G. D. Gordon of the Radio Corporation of America 
reported on a calorimeter in which the sample to be 
tested is suspended by wires of negligible conductance 
inside a vacuum chamber. The chamber walls are 
cooled to temperatures low enough to make the cham- 
ber a perfect heat sink. A sample is heated electrically ; 
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its equilibrium temperature is a function of heat input 
and emittance; the cooling rate, with no power input, 
is a function of heat capacity and emittance. E. R. 
Streed of Lockheed Missiles and Space Company 
(LMSC), pointed out the advantages of using a heated- 
cavity reflectometer with walls at uniform temperature 
for studying reflectance of materials in the infrared 
region. The presentation indicated sources of error 
in using this device, and outlined a measurement cor- 
rection procedure and uncertainty analysis that could 
be applied to make the device a primary tool in space 
materials programs. ; 

An apparatus for measuring total emittance of test 
materials was described by G. H. Zerlaut of the Armour 
Research Foundation. This instrument compares the 
emitted flux of a specimen to that emitted from a black- 
body in the apparatus. 

Highlighting this session was a talk by C. B. Neel of 
NASA. He supplemented the discussion of ground 
experimental laboratory measurements with data tele- 
metered back from six thermally isolated specimens 
and one blackbody simulated surface mounted on the 
exterior of an orbiting satellite. Preliminary results 
showed that some of the surfaces were affected by the 
space environment. Overall data obtained from the 
satellite experiment agreed with laboratory data for 
the same materials to within 10 percent. 


Measurements at Low Temperatures 
(0 to 200 °K) 


A session on low-temperature measurements was 
opened by chairman Robert J. Corruccini of the NBS 
Boulder Laboratories. He reviewed three stages of 
activity in this field: (1) the early low-temperature in- 
vestigations of vacuum-reflected insulations when the 
Dewar vessel was first adapted to low-temperature ex- 
perimentation, (2) the postwar interest in the anoma- 
lous skin effect of metals, and (3) the current activities 
related to space technology involving such problems 


as radiative heat balance of objects in space, insulation 
of cryogenic fuel tanks, and radiative thermal loading 


of cryopumps in space simulators. 

R. P. Caren, of LMSC, described the design and use 
of the calorimeter he used to measure emittance of 
specimens in the temperature range of 10 to 300 °K. 
The emittance of a space simulating chamber was de- 
termined by C. P. Butler of U.S. Naval Radiological 
Defense Laboratory (USNRDL). The method em- 
ployed heat capacity of a pure metal and temperature 
decay data to calculate emittance of the evacuated 
chamber. 

G. L. Haury of ASD presented an adaptation of the 
guarded hot plate evaporative calorimeter for measur- 
ing absorption between 80 °K and room temperature. 
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K. E. Nelson of Space Technology Laboratories, Inc., 
provided an error analysis of calorimetric emisso- 
meters which offered a useful summary of conceivable 
sources of error and methods for estimating their 
magnitudes. 


Measurements at Moderately High 
Temperatures (450 to 1400 °K) 


Joseph C. Richmond of NBS was chairman of the 
fourth session of the symposium. H. Schwartz of 
NASA, in the opening address, emphasized the need 
for thermal radiation data for materials connected 
with space power applications, particularly for those 
materials used in heat rejection systems in heat engines. 
Radiation is the sole mode of heat transfer to or from 
a vehicle operating outside the earth’s atmosphere. 
Thermal emission and reflection properties of the ma- 
terials in the vehicle’s shell or heat exchange mecha- 
nism (radiator) determines its heat balance and thus 
its equilibrium temperature. The radiators used for 
such heat engines may account for a major portion of 
the weight of a space vehicle; hence a small increase 
in the efficiency of the radiator may result in a signifi- 
cant reduction in weight, and a corresponding increase 
in payload. 

T. W. Nyland of NASA reported on his work in 
hemispherical emittance and solar absorptance from 
270 to 650 °K, using calorimetric techniques. Another 
calorimetric technique used to measure total hemispher- 
ical emittance of high-temperature radiator coatings 
in vacuum at temperatures of 477 to 1366 °K was re- 
ported by A. I. Funai, of LMSC. 

W. H. Askwyth of Pratt & Whitney Aircraft de- 
scribed a method for determining total hemispherical 
emittance by comparing temperature drops along coated 
fins of known characteristics. Both calorimetric and 
radiometric techniques were used to measure total 
hemispherical and total directional emittance of 
polished metals at angles up to nearly 90° by G. L. 
Abbott of USNRDL. 

W. S. Slemp of NASA used radiometric techniques 
for measuring normal spectral emittance of semi- 
circular disk specimens in an electrically heated 
furnace. R. A. Seban outlined the radiometric tech- 
niques he used at the University of California at 
Berkeley to measure normal spectral emittance in an 
inert atmosphere in the temperature range 1089 to 
1366 °K. 

J. C. Richmond of NBS described a double-beam 
ratio-recording spectrometer modified to record directly 
the normal spectral emittance of strip specimens. Au- 
tomatic data processing equipment was incorporated 
to correct for “zero line” and “100 percent line” errors 
on the basis of previously recorded calibrations. Mr. 
Richmond discussed nomenclature and defined terms 
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that have previously had mutually incompatible 
definitions. 


Measurements at High Temperatures 
(Above 1400 °K) 


Hyman Marcus of ASD, chairman of the final ses- 
sion, emphasized the need for improved techniques of 
measuring thermal radiation properties of solids at 
high temperatures. Major problems involve the diffi- 
culty of measuring high temperatures, and the changes 
which occur in specimens exposed to high temperatures. 

D. G. Moore of NBS described equipment and test 
procedures, measurement errors, and results of pre- 
liminary measurements on the “shallow-hole” approach 
to measuring emittance of nonmetals at temperatures 
up to 3000 °K. Normal spectral emittance measure- 
ments were made at similar temperatures by T. R. 
Riethof, of the General Electric Company, who also 
outlined heating, atmosphere control, and automatic 
recording equipment. Normal spectral emittance data 
were given for zirconium, hafnium, and tantalum ni- 
trides and for the borides of niobium, zirconium, and 
titanium. 

An apparatus for measuring the total hemispherical 
and directional total and spectral emittance in the tem- 
perature range 600 to 2300 °K was reported by J. R. 
Grammer of LSMC. The specimen is heated electri- 
cally by its own resistance and is viewed through a 
double-slot collimating optical system. R. L. Cox, 
Chance Vought Corporation, disclosed a method for 
measuring total emittance of translucent materials. Re- 
sults of the technique were presented for specimens of 
zirconium oxide at temperatures up to 2800 °K. 

W. A. Clayton of the Boeing Co. described a method 
providing capability for accurate measurements on any 
solid material. An error analysis from a 500 to 2000 
°K prototype thermal radiation test facility was 
presented. 

D. F. Comstock, Jr. of Arthur D. Little, Inc. de- 
scribed the use of an arc-image furnace for measuring 
the spectral reflectance of materials at very high tem- 
peratures. M. R. Null of Union Carbide Corporation 
reported on a technique for determining the spectral 
reflectance and emittance of carbon and graphite at the 
sublimation temperature. The measurement of reflect- 
ance in these tests depends on the separation of re- 
flected radiation from emitted radiation by a rapidly 
rotating shutter (1800 rpm) which alternately inter- 
rupts and transmits the radiation from the carbon arc 
source. 


1The published Proceedings of the symposium will 
contain 28 submitted papers that were presented by title 
only, in addition to all of the presented papers and dis- 
cussions. Information about the Proceedings may be 
obtained from Mr. R. A. Winn, Code ASRCPT-1, Wright 
Patterson Air Force Base, Ohio. 
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1962 International Conference on 
Precision Electromagnetic Measurements 


The 1962 International Conference on Precision 
Electromagnetic Méasurements, an outgrowth and con- 
tinuation of the 1958 and 1960 Electronic Standards 
Conferences, was held August 14 through 17 at the 
Bureau’s Boulder, Colo., laboratories. Sponsored by 
the NBS Radio Standards Laboratory, the Professional 
Group on Instrumentation of the Institute of Radio 
Engineers, and the Instrumentation Division, Ameri- 
can Institute of Electrical Engineers, the conference 
was concerned with the advancement of standards and 
accurate measurement throughout the coherent fre- 
quency spectrum. During the 4-day conference 55 
papers, 20 percent of which came from outside the 
United States, were presented in 10 sequential sessions. 
There were technical discussions during an informal 
evening session, and the work of the Radio Standards 
Laboratory was demonstrated during an open house. 

The conference was opened by Frederick W. Brown, 
Director of the Boulder Laboratories, who welcomed 
some 560 registrants from Australia, Belgium, Canada, 
England, France, Japan, New Zealand, Sweden, Switz- 
erland, and the United States, and gave background in- 
formation on NBS activities. John M. Richardson, 
Chief of the Radio Standards Laboratory and Cgn- 


ference Chairman, then spoke on the conférence’s 


organization and objectives. He pointed out that 
measurements of high level precision and accuracy 
throughout the entire coherent frequency spectrum in- 
volve the national standards laboratories of the world 
and other laboratories and organizations in contact 
with them, and that a closer relationship seems to be 
required between the standards laboratories and those 
who make discoveries leading to improved accuracy 
and precision in measurement. R. D. Huntoon, NBS 
Deputy Director, gave the keynote address. 

The scope of the technical program, under the Chair- 
manship of Dr. George Birnbaum, Atomics Inter- 
national, is indicated by the session titles—Space Elec- 
tronics, Direct Current and Low Frequency Measure- 
ments, Data Reduction in Precision Measurements, 
Properties of Materials, Quantum Electronics in Pre- 
cision Measurements, Atomic Frequency and Time 
(three sessions), Microwave Power and Attenuation, 
and Microwave Techniques. The proceedings of the 
conference will be published in the Transactions of the 
IRE Professional Group on Instrumentation, Vol. I- 
11, No. 3, Dec. 1962, with copies being mailed auto- 
matically to conference registrants. Others may send 
orders to the Institute of Radio Engineers, Inc., 1 East 
79th Street, New York 21, N.Y. 


Huntoon Stresses Scientific Cooperation in Keynote Address 


In delivering the Keynote Address to the 1962 International Conference on Precision Electromagnetic 
Measurements, Robert D. Huntoon, NBS Deputy Director, placed major emphasis on the cooperation between 


NBS and the scientific and technological community which is necessary to scientific progress. 


He said, in 


part: “If we are to push ahead with precision measurements and if the results from one laboratory are to 
be equally meaningful in another, we must have the tightest possible coupling between those who are engaged 
in making the measurements and those of us at NBS who are maintaining the national standards. . . 

“If any of you are engaged in an experiment where absolute accuracy is important and an error of less 
than one or two parts in a million makes a significant difference, please bring it promptly to our attention. 
For, if this is true, you have found another chain of measurement for us to use to improve the accuracy 
of our knowledge of our standards with respect to the units as defined. 

“We therefore desire and expect, if there is to be progress in the precision measurement of electro- 
magnetic quantities, a very close and tight collaboration between the NBS and all who can rightly claim 


to be working at the frontier of this field. 


“When we set up these atomic clocks, we were working with precisions of the order of a part of 10°. 
Everybody could have one, and there would no longer be any problem. We would all be on the common 


basis. 


difficult. 


obsolescent. 
is what we are gathered here for. 


As soon as the atomic clocks became a reality with precisions of one in 10", users wanted to get 
together and intercompare them on a basis of a part in 10" or a part in 10”. 
one in 10° calibration problem, we now have a problem of calibration that is two orders of magnitude more 
So it goes throughout our business: Each time we make an improvement and disseminate it as 
a contribution to the art, then someone makes one like it and wants to come back and have us calibrate it. 
Generally there have been improvements in the process of reproduction which make our calibration capability 
Our problem is to learn how to let this loop close and still keep ahead of the demand. That 
We seek your advice, assistance and feedback about your needs. We 
also seek to acquaint you with what we are doing and what we can do. 

“Tt appears to me that the moral which emerges clearly is that progress in this field of precision measure- 
ment requires very close collaboration between the active scientists in the field and our national standardizing 


Instead of having a simple 


laboratory. The keynote then is ‘progress requires close collaboration’. Thank you for the opportunity to 


set this keynote.” 
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FREQUENCY AND TIME TRANSMISSION 
new LF and VLF antennas and transmitters under construction 


THE BUREAU is in the process of raising 400-foot 
antennas and building 50-kw transmitters to substan- 
tially increase the coverage of the standard frequency 
and time transmissions of NBS stations WWVB (60 
ke/s) and WWVL (20 kc/s). The new facilities will 
be located at a carefully-chosen site near Fort Collins, 
Colo., and are expected to be in operation by early 1963. 

The wide-scale distribution of the U.S. Frequency 
Standard and of time signals is needed to coordinate 
the operations of the global network of missile and 
satellite stations, to improve the uniformity of fre- 
quency measurement on a national and international 
basis, and to provide a more accurate “yardstick” of 
frequency—easily available to many users—for elec- 
tronic research and development. 

The importance of higher accuracy and wider dis- 
tribution in the transmission of the U.S. Standard of 
Frequency is indicated by the strong support which 
this program has received from the National Aero- 
nautics and Space Administration. This agency pro- 
vided financial assistance for construction of both the 
initial 20-kc/s station (WWVL) and the transmitters 
and large antenna for the new 20-kc/s station. 

Both WWVB and WWVL have been transmitting for 
several years from sites near the Boulder (Colo.) Lab- 
oratories of the Bureau. The existing stations are 
quite small and electrically inefficient but they have 
served to substantiate the basic concepts of using the 
lower frequencies to obtain more stable signals and 
wider coverage for standard frequency and time-signal 
broadcasts. Although WWVL, located in the moun- 
tains near Boulder,’ radiates less power than a 15-watt 
light bulb, its signal has been received in New Zealand. 
Even under present conditions the reliability and ac- 
curacy of signals from the two stations has enabled 
some organizations to cancel plans for installing ex- 
pensive atomic frequency standards within their own 
laboratories. — 

With the new antennas and transmitters the radiated 
power of WWVL will be increased to 1 kilowatt; for 
WWVB the radiated power will be increased from 2 
watts to 7 kilowatts. Signals from both stations will 
be compared continuously with the U.S. Frequency 
Standard, which is provided by two cesium beam 
atomic clocks maintained by the NBS Radio Standards 
Laboratory. 

The 60-kc/s transmission of WWVB is particularly 
designed to serve users in the continental United States, 
since signals at this frequency propagate with more 
stability than those at 20 kc/s for distances up to about 
2,000 miles. Time signals (to be given for the first 
time at 60 kc/s) will offer a precision ranging from 
a hundred-thousandth to a millionth of a second, de- 
pending upon the distance from the transmitter. This 
is 100 to 1,000 times more stable than the short-wave 
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signals from NBS station WWV, Beltsville, Md. The 
WWVB time signal will be emitted once per second 
and will consist of modulation by five cycles of a 
1,000-c/s sine wave. 

The WWVL 20-kc/s transmission is designed to ex- 
tend the experimental studies required to provide ac- 
curate time signals, clock synchronization, and fre- 
quency transmission over most of the world with very 
narrow band signals. 

NBS considered using very-low frequencies (VLF) 
for their standard frequency transmission as early as 
1930. The principal reason for adopting a high- 
frequency (HF) system, at station WWV and NBS 
station WWVH, Maui, Hawaii, however, was that few 
users at that time had low-frequency receivers. Two 
other reasons for not using low frequencies were the 
high cost of the antenna and the possibility of inter- 
ference from natural noise. 

Since 1930 the problem of natural noise has been 
overcome by reducing the bandwidth and by using 
integration-type measuring techniques. Also, VLF 
and HF receivers are now approximately equal in cost. 
The high stability and long-range coverage of the lower 
frequencies have been thoroughly established by both 
theory and by experiment—much of which was con- 
tributed by the Central Radio Propagation Laboratory 
at NBS. 

The basic reason for the different characteristics of 
the higher and lower frequency ranges is the difference 
in the way these signals travel around the globe. The 
high-frequency transmissions of WWV and WWVH 
bounce between the earth and the ionosphere and de- 
pend upon the mirrorlike qualities of the ionosphere 
to be reflected to distant points. However, the re- 
flective quality of the ionosphere varies because of 
changes in the atmosphere and in radiation from the 
sun. (During a large solar storm the ionosphere can 
become so disrupted that it does not reflect the high- 
frequency signals at all.) These variations cause the 
time for a high-frequency signal to travel between two 
points to change continuously and sometimes cause the 
signal to be entirely lost in outer space. 

LF and VLF transmissions follow the curvature of 
the earth since the ionosphere and the ground act as 
upper and lower limits of a gigantic duct to guide 
the signals over the globe. In such cases the ionosphere 
serves only as a boundary, not a direct reflector, and 
thus has little effect upon the speed of the waves. The 
lower frequencies travel a more direct route between 
points on the surface of the earth. 

The instabilities of high-frequency propagation ne- 
cessitate the averaging of signals from WWV for a pe- 
riod of up to 30 days to achieve a precision of 1 part in 
10 billion; the usual attainable precision is only about 
1 part in 10 million. Reliable reception is limited to 
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a distance of a few thousand miles. The 20-kc/s 
transmission will offer a precision of 1 part in 10 bil- 
lion or better, on a global basis, within an observing 
period of about 1 day. Within the same 1-day observ- 
ing period the 60-kc/s transmission will offer a pre- 
cision of 5 parts in 100 billion within the continental 
United States. 

In addition to having more powerful transmitters and 
more efficient antennas, the new stations will be more 
effective because of the characteristics of the new 380- 
acre site. Its primary assets are high soil conductivity, 
the availability of electric power, relative freedom from 


TODAY’S expanding technology has created a de- 
mand for temperature measurements of greater ac- 
curacy—and over a greater range—than ever before. 
To meet these needs, the Bureau conducts research on 
a wide variety of temperature measurement problems. 
It also calibrates temperature measuring devices to 
promote accuracy and uniformity of temperature 
measurement in this country. 

Inquiries are often made as to how accurately the 
Bureau can calibrate an instrument. The following 
discussion, with the accompanying chart, is presented 
in clarification of these questions. 


Calibrations and Accuracies 


The Bureau undertakes the calibration’ of certain 
types of precise temperature measuring instruments 
both for Government agencies and for private organi- 
zations or individuals. In general, only instruments 
suitable for use as laboratory standards are accepted 
for calibration. The calibrations are made in terms of 
the International Practical Temperature Scale (IPTS), 
which is accurately reproduced at the Bureau to serve 
as the Nation’s standard for temperature measurements. 

The accuracies ultimately realized in use with such 
calibrated instruments depend upon several factors: 
(1) The accuracy with which the IPTS is realized in 
the NBS laboratories; (2) the accuracy with which 
the instrument can be compared with the temperature 
scale; and (3) several use factors which involve the 
inherent limitations of the particular instrument and 
the soundness of the techniques which are employed 
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violent weather extremes and manmade noise, and ease 
of access. 

The diamond-shaped antenna for each station will 
be about 1,900 ft long and 750 ft wide. Each antenna 
will be supported by four 400-ft guyed steel masts. 

WWVB and WWVL will not replace the shortwave 
transmissions of WWV or WWVH. The high- 
frequency signals require only simple receivers and 
their accuracy is sufficient to meet the current needs of 
television and radio stations, electric power companies, 
amateurs, smaller businesses, and the general public. 


*New Standard Frequency Broadcasts, NBS Tech. 
News Bull. 44, 120 (July 1960). 
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CALIBRATION 
NBS Temperature Calibrations 


in its use. In the following description of NBS cali- 
bration services estimated limits are assigned to accura- 
cies associated with the first two factors outlined above, 
but a consideration of use factors is not included. 


Temperature Scales Maintained at NBS 


The International Practical Temperature Scale ” 
serves to define temperatures from —182.97 °C up- 
wards. This scale, which has been agreed upon by 
the 37 nations which subscribe to the actions of the 
General Conference on Weights and Measures, is de- 
fined by six reproducible temperatures to which values 
have been assigned. These “defining points” are the 
normal boiling points of oxygen at — 182.97° Celsius 
(centigrade), water at 100 °C, and sulfur at 444.6 
°C; the freezing points of silver at 960.8 °C, and gold 
at 1063 °C; and the triple point of water at 0.01 °C. 
The IPTS is further defined by specified instruments 
for interpolation between the fixed points, together 
with recommendations relating to their calibration at 
the appropriate fixed points. Thus the accuracy with 
which the scale may be reproduced varies in different 
temperature ranges throughout the scale, and in some 
cases depends more upon the precision of the specified 
instrument of interpolation than the accuracy with 
which the defining points may be reproduced. The 
standard platinum resistance thermometer is the spec- 
ified instrument between — 182.97 and + 630.5 °C, and 
the platinum versus platinum-10 percent rhodium 
thermocouple from 630.5 to 1063 °C. Above 1063 
°C, a temperature ¢ on the scale is defined as a function 
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NBS MEASUREMENT SERVICES 
CALIBRATION OF TEMPERATURE MEASURING INSTRUMENTS 
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——— ACCURACIES BASED UPON LIMITS OF ERROR ASSIGNED TO CALIBRATION RESULTS 


WITHIN 
ONE =262 ~ 183 


THERMOMETERS 


ACCURATE TO 


f 


| 0 100 


PLATINUM RESISTANCE THERMOMETER 
i) 
10 


0° Pe 
BASE METAL THERMOCOUPLES ——~ 


DEGREES CELSIUS (CENTIGRADE ) 
0 630 1063 4000 


jos NBS 1955 Ce IPTS Se ee 


STANDARD PLATINUM THERMCOUPLE 
[= METAL THERMOCOUPLES 
ofebiilaa OPTICAL PYROMETER 


= 


~ 
\ 
\S 
THERMOCOUPLES OPTICAL PYROMETERS 


1000 10,000 100,000 


TEMPERATURE, DEGREES KELVIN (INT. 1948) 


Accuracies attained at the Bureau in reproducing the International Practical Temperature Scale 


and the NBS Provisional Scale of 1955 are represented in the figure by solid lines. 


Broken 


lines show the accuracies attainable in calibration of selected instruments. 


of the ratio of the spectral radiance of a blackbody at 
temperature ¢ to the spectral radiance of a blackbody 
at the gold point (1063 °C). The instrument to be 
used for measuring these ratios is not specified, but a 
specially designed optical pyrometer is currently 
used at NBS. |. 

In the temperature range covered by the platinum 
resistance thermometer, instrumentation in use at NBS 
permits observations on a particular thermometer at a 
given time with very high precision. Limitations in 
the accuracy with which the defining points are repro- 
duced, however, together with variations in the physical 
properties of the platinum resistors in different ther- 
mometers, which affect the reproducibility of the IPTS 
between defining points, restrict the accuracy with 
which reproducibility can be translated into accuracy 
in the reproduction of the scale. Similar limitations 
are imposed in the case of standard platinum ther- 
mocouples. Above 1063 °C, in addition to uncertain- 
ties introduced by the optical pyrometer itself, there is 
an appreciable uncertainty resulting from observer 
error. 
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At the present time the lowest temperature defined by 
the IPTS is — 182.97 °C (90.18 °K). The Bureau has 
established a scale known as the NBS Provisional Tem- 
perature Scale of 1955 which serves to provide a re- 
producible temperature scale in the range 10 to 90.18 
°K until such time as international agreement may be 
reached on a generally accepted scale. The resistance- 
temperature relation for a group of resistance ther- 
mometers was determined with respect to the thermo- 
dynamic scale by use of a gas thermometer. This 
resistance-temperature relation was then arbitrarily 
taken to define the NBS 1955 Scale. Occasional recali- 
brations have shown these thermometers to be very 
stable; no changes have been detected over the ex- 
tended period that they have been in use. 

Estimates of the limits of error in realizing tempera- 
tures on‘the two scales at NBS are given in the table. 
In nearly all cases, there are insufficient data of a kind 
which will permit statistical analysis of the contribu- 
tion of a particular source of uncertainty. In the case 
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of the NBS 1955 Scale, the precision of the resistance 
thermometers comprising the group used to maintain 
the scale is more than an order of magnitude better than 
the accuracy of the gas thermometry against which they 
were originally compared and against which they have 
been checked for stability at later times. With this 
situation it cannot be absolutely established that these 
thermometers are remaining stable to better than the 
limit of error assigned to the gas thermometry (about 
0.01 deg). Intercomparisons of thermometers within 
the group, however, indicate that they have changed 
much less than this, unless the highly improbable as- 
sumption is made that the thermometers have all 
changed by very nearly the same amount. The limits 
of error assigned to the realization of this scale are esti- 
mates based upon this reasoning. 

In the temperature range covered by the IPTS, com- 
parisons of the scale as maintained in the national 
laboratories of several different countries serve as the 
basis for a reliable estimate of the limits of error 
throughout the scale as realized at the Bureau. Ac- 
curacy estimates for both scales are represented by 
solid lines in the figure. In the figure, temperatures 
on the International Practical Kelvin Scale * are plotted 
as abscissas on a logarithmic scale. Also shown is a 
scale in degrees Celsius covering the IPTS range. 

Plotted as ordinates, also on a logarithmic scale, are 
accuracies defined as estimated limits of error expressed 
as fractions of the Kelvin temperature. For example, 
a limit of error of 0.4 degree in a measurement of the 
temperature 400 °K would be plotted as an accuracy 
of 1 part in 10°. 

The large discrepancy apparent between the ac- 
curacies of realization of the oxygen point (90.18 
°K) with respect to the IPTS and the NBS 1955 Scale 
is an inherent consequence of the way in which the 
two scales are defined at this common temperature. 
In the case of the NBS 1955 Scale, the temperature is 
defined in terms of the mean of readings of a group 
of very stable thermometers, and this can be done quite 
accurately. The accuracy assigned to the reproduction 
of the oxygen point as a defining point on the IPTS, 
on the other hand, involves an estimate of NBS ac- 
curacy from comparisons with the mean of results 
obtained in other National laboratories. On this basis, 
less accuracy is assigned with respect to the IPTS. The 
other abrupt changes in accuracy occurring at 903 and 
1336 °K are the result of progression from one instru- 
ment of interpolation to another, as prescribed for the 


realization of the IPTS. 


Accuracies Attainable in Calibration at NBS 


Selected types of temperature measuring instruments 
regularly calibrated at NBS are discussed briefly be- 
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low. Dashed lines in the figure are based upon assigned 
limits of error for selected calibration services. The 
estimates relate to rather ideal conditions where good 
techniques are employed and the quality of any auxil- 
iary instrumentation is commensurate with the ac- 
curacy expected. In discussing the instruments, limits 
of error are referred to in degrees; temperatures are 
expressed on the NBS 1955 scale in degrees Kelvin, 
and on the IPTS in degrees Celsius. 

Resistance thermometers normally are calibrated + 
only if they may reasonably be expected to meet the 
requirements as a standard on the IPTS. In general, 
this requires a 4-lead resistor of very pure platinum, 
mounted in a strain-free manner and hermetically 
sealed in a protecting tube. Certain capsule-type re- 
sistance thermometers intended for use at low tempera- 
tures meet these requirements and are calibrated down 
to about 11 °K. Limits of error attainable with the 
capsule-type thermometers relative to the NBS 1955 
scale vary from about 0.004 deg at 11°K to 0.001 deg 
at temperatures between 20 and 90 °K. With standard 
thermometers calibrated in terms of the IPTS the limit 
of error decreases from about 0.005 deg at —183 °C 
to close to 0.0002 deg at the temperature of the triple 
point of water (+0.01 °C) and then gradually in. 
creases to about 0.001 deg at 200 °C and 0.01 deg at 
630 °C, which is the upper limit of the resistance ther- 
mometer range. 

Thermocouples of platinum versus platinum-10-per- 
cent-rhodium conforming to the physical requirements 
of a standard thermocouple on the IPTS are calibrated * 
at temperatures from 0 to 1450 °C. The accuracies 
attainable with such a calibrated thermocouple will 
vary throughout the range. From 0 to 1063 °C a limit 
of error of 0.3 deg is realized which gradually increases 
to 2 deg at 1450 °C. Limits of error of measurements 
with base metal thermocouples vary with the particular 
thermocouple material as well as the temperature of 
use. In general, a limit of 0.1 deg may be realized from 
—180 to +350 °C, and 1 deg from 350 to about 
1100 °C. 

Liquid-in-glass thermometers® of the etched stem 
type are calibrated from —190 to as high as +500 
°C. The characteristics of these thermometers are such 
that in the range 0 to 100 °C a limit of error of 0.01 
deg can be achieved, but both above and below this 
range limits of error will increase considerably because 
of the relative instability of glass at high temperature 
and the unsatisfactory physical properties of filling 
liquids at low temperature. An abrupt loss of ac- 
curacy, as shown in the figure, occurs at —56 °C, 
which is the lower limit of use for mercury-thallium 
filled thermometers. The physical properties of or- 
ganic liquid fillings, which are used below this tem- 
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Esti- 
mated 
Thermometer used | limit of 


Temperature Scale to realize scale | error in 
real- 
izing 
scale 

°K TG; deg 

11 —262.15 | NBS Resistance 0. 004 
1955. thermometer. 

20 —253.15 | NBS Resistance . 001 
1955. thermometer. 

90.18 |—182.97 | NBS Resistance . 001 
1955. thermometer. 

90.18 |—182.97 | IPTS Resistance . 005 
thermometer. 

273. 16 0.01 | IPTS Resistance . 0002 

thermometer. 

Si} US) 100 IPTS Resistance . 0005 

thermometer. 

TL TS 444. 6 IPTS Resistance . 002 

thermometer. 

903. 65 630. 5 IPTS Resistance .01 

thermometer. 

903.65 | 630.5 | IPTS Thermocouple..... 2 
1233.95 | 960.8 | IPTS Thermocouple..... 2 
1336.15 | 1063 IPTS Thermocouple..... 2 
1336.15 | 1063 IPTS Optical pyrometer.| . 4 
2273 2000 IPTS Optical pyrometer.| 2.0 
4273 4000 IPTS Optical pyrometer.|10. 0 


perature, restrict the accuracy capabilities of low tem- 
perature thermometers of this type. 

Optical pyrometers are calibrated in the range 800 
to 4200 °C by comparison with the NBS standard 
optical pyrometer.’ Uncertainties inherent in the in- 
struments themselves, as well as in the calibration proc- 
ess, increase the limits of error which can be assigned 
to calibrated optical pyrometers to 3 or 4 times the 
error in reproducing the IPTS with the NBS standard. 
Limits of error usually assigned to calibrated instru- 
ments are 4 deg at 800 °C, 3 deg at 1063 °C, and 
gradually increasing to 40 deg at 4200 °C. 


Accuracy Improvement and Extension 
of Services 


For many years the Bureau has carried on a con- 
tinuing program of research, directed toward the im- 
provement and extension of calibration services, in 
an attempt to keep abreast of national needs. In recent 
years, however, rapid advances in science and tech- 
nology have accelerated the demand for more accurate 
measurements over wider ranges. Accordingly, these 
research efforts have been expanded as rapidly as prac- 
ticable, not only to improve existing standards and 
extend services into important areas not adequately 
covered at present, but also, insofar as possible, to 
anticipate coming needs. 

Currently, research activities are in progress 
throughout most of the temperature range, from about 
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1 °K up into the 10,000 to 20,000 °K range of arc 
plasmas. Work now nearing completion will result in 
the offering of calibration services for resistance-type 
thermometer elements in the range 1 to 20 °K. At 
higher temperatures, furnaces are being developed 
which will extend the NBS thermocouple calibration 
capabilities from 1100 to 2200 °C. 

Several other projects in progress are directed to- 
ward improving and extending the temperature scales 
used at NBS as the basis for calibrations. Tempera- 
ture measurement by ultrasonic thermometry now 
under study are expected to provide an accurate tem- 
perature scale bridging the gap between the lower limit 
of the NBS 1955 Scale and temperatures defined by 
the vapor pressure of liquid helium 4. Studies of the 
resistance-temperature relation of very pure platinum 
in the range covered by the NBS 1955 Scale, together 
with work in other national laboratories, are expected 
to provide a basis for international agreement to ex- 
tend the IPTS to temperatures below its present lower 
limit at the oxygen point. Work on a photoelectric 
pyrometer, which has been in progress for several years, 
has reached a stage where this instrument will soon 
be used at NBS to realize temperatures on the IPTS 
above the gold point. It is anticipated that accuracies 
attained in realizing this part of the IPTS will be im- 
proved by a factor of ten through the use of the new 
instrument. At very high temperatures, spectroscopic 
techniques are being developed for the measurement 
of arc plasma temperatures of 10,000 to 20,000 °K. 

The fruition of these research programs will repre- 
sent many man-years of effort, as unusual attention to 
detail is necessary at each stage of standards develop- 
ment. Much has already been accomplished, however, 
and further significant results are expected in the next 
year or two. 


1A complete list of the calibration ‘services offered is 
contained in the NBS Test Fee Schedule as published in 
the Federal Register. Copies of sections covering tem- 
perature measuring instruments are available from the 
Office of Technical Information, National Bureau of 
Standards, Washington 25, D.C. 

“International Practical Temperature Scale of 1948, 
Text Revision of 1960, by H. F. Stimson, NBS Mono. 37, 
available from the Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. 10¢. 

* Values on the International Practical Kelvin Scale are 
obtained by adding 273.15 to values on the International 
Practical Temperature Scale. 

*Calibration of platinum resistance thermometers, 
NBS Tech. News Bull. 45, 62 (Apr. 1961). 

°*Thermocouple calibration, NBS Tech. News Bull. 
45, 44 (Mar. 1961). 

* Calibration of liquid-in-glass thermometers, by James 
F. Swindells, NBS Circ. 600, Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
AP IDEC, ALt. 

“Theory and methods of optical pyrometry, by H. J. 
Kostkowski and R. D. Lee, NBS Mono. 41, Superintend- 
ent of Documents, U.S. Government Printing Office, 
Washington 25, D.C. 25¢. 
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Superconductivity maintained under high magnetic field (Jan.)/-=--==—- 14 
Superconductor, constitution diagram for the niobium-tin system facili- 
tates production (Dec.)------------------------------------------- 178 
Surface reactions during metal fatigue (Sept.)------------------------- 128 
Symposium at NBS Boulder laboratories, IRE PGMTT to hold 1962 
National. (May) ---------------------------------------------=---- 81 
Symposium, eighth Scintillation and Semiconductor Counter (Aug.) ---- 106 
Symposium on humidity and moisture—measurement and control in 
science and industry, international 1963 (Sept.)-------------- a=—== 127 
Symposium on humidity and moisture, plans announced for 1963 inter- 
national (Mar.) --. -------------------------------------------------- 41 
Symposium, IRE microwave group (Oct.) ----------------------------- 153 
Symposium on measurement of thermal radiation properties of solids 
announced | (Apr, icons sce co2 ose nae eee se sane ee eee oe 63 
Symposium on optical character recognition (July) -----------------—-- 100 
Symposium, IRE PGMTT to hold at NBS Boulder Laboratories (May) _- 81 
Symposium, thermal radiation, (Dec.)--------------------------------- 181 
T 
Tantalum-tube furnace, high-temperature (Apr.) ---------------------- 51 
Tearing strength standard for paper (standard materials) (June) -------- 72 
Technical divisions reorganized (May) -------------------------------- 79 
Technical session on bone char research, 1961 (Jan.) ------------------- 5 
Temperature calibrations, NBS (standards and calibration) (Dec.)---- 186 
Temperature scales, thermodynamic and practical (Noy,)) 2=eeeee es 160 
Tensile cryostats developed, two (Feb.)------------------------------- 21 
Tensile strength and modulus of elasticity in dental materials (Aprayoece 52 
Test charts, evaluation of contrast in (Jan) 22232 Se Ss ee ee 12 
Thermal radiation symposium (Dec.)-----------------------~--------- 186 
Thermal radiation properties of solids, measurement, symposium an- 
mounced. (Apis) seas se ee ee we ee 63 
Thermodynamic and practical temperature scales (Nov.) -~-------------- 160 
Thermometer bridge, improved resistance (Jan.)----------------------- 8 
Topside sounder satellite, rocket data show feasibility (Feb.)---------- 19 
Traffic, city, computer simulation (May)\=---2-2s---ssensss—=-=-2=—eo= 76 
Transducer eroup! meetsuat WNBSm NOV.) seeee ea ere ere 162 


Page 
Transition probabilities, experimental, for spectral lines of 70 elements 
(Oct.) (oo ese eee ae eee - seek eos cence 143 
Tunnel diode, large-signal equivalent circuit (Apr.)---------------_---- 64 
Turbine with gas-lubricated bearings, miniature helium expansion (Jan.)_ 2 
Two technical divisions reorganized (May) ---------------------------_ 79 
Two tensile cryostats developed (Feb.)/---------2- 2 ==) se seeeeeeeeeee 21 
U 
Ultraviolet wavelength standards, calculated germanium vacuum (Oct.)_._ 147 
Ultraviolet wavelength standards, vacuum (standards and calibration) 
(July) so. 2225222 en eee 93 
Underground environment, corrosion rates measured electrically (Feb.)__ 25 
Underground fallout shelter, simulated ‘‘occupants’’ aid study of family- 
size _(Feb.),.---<.-=--==-=----6-----5-<--5.<5-- 26 
Unified scale adopted for atomic weights (Feb.)-------_----------_--_- 34 
Unique laboratory designed for radiation physics experiments (Aug.)_--- 107 
United States and Canadian free-air ionization chambers compared 
(May) + s--222--<2-5-.006-<-.- ees eee 69 
Univ. of Colo. and NBS establish Joint Institute for Laboratory Astro- 
physics, (June) .22.22c--ses=5-.---=.. 20. oe eee 81 
URSI proceedings, articles by NBS authors in 1960 (July)------__-.____ 92 
U.S.-U.K. intercomparison of RF power standards (Mar.)-------------- 40 
Vv 
Vacuum ultraviolet wavelength standards (standards and calibration) 
(July) 2-52-2622. 0. 225 ee ee eee 93 
Versatile electron energy analyzer for low-temperature studies (Aug.)--__ 110 
VLF and LF antennas and transmission under construction, frequency 
and. time transmission (Dec.)..:-.--.-<.------.--- == 185 
Viscosity standard sample of glass (standard materials) (Noy.)--------- 174 
Voltmeter differential thermocouple, for rapid, accurate calibration of 
a-c. voltmeters (Sept;)'<--22=-<..-_-_. 5-0-2220 eee 123 
Z Ww 
Weights, diamond burnishing gives high finish to laboratory (June) -_-_- 70 
Weights, laboratory, diamond burnishing gives high finish (June) --_--__ 70 
Weights and Measures, 47th National Conference (Aug.)----------_---__ 118 
Weights, atomic, new unified scale adopted (Feb.)------------_-__-__-- 34 
Weights, standard, stainless, steel (Mar.) 22-2 -5-) =) =e 43 
Wichers,’ Dr. Edward, retires. (June)2-----.--25-> 5 eee 75 
Wildhack named associate director (Jan.)-----------__-_---____-______ a 
Wood, burning characteristics of cross piles (Nov.)------------------_- 159 
Workshops, standards laboratory management (standards and calibra- 
tion) | (July)\...2<22----.2ccen22- seen eee 93 
WWVH, changes in schedule for NBS radio station (July)_----_-__-____ 90 
Zz 
Zirconium spectroscopic standard samples (standard materials) (Mar.)__ 42 


Polarization Technique 
(Continued from p. 177) 


more influenced by anodic polarization. This effect 
was especially noted with the series of specimens that 
also contained silicon. When the chromium content of 
the specimens reached between 11 and 14 percent chro- 
mium, and silicon was not present, a definite transition 
to anodic control occurred. As expected, when the 
chromium content increased, the corrosion was con- 
fined to smaller areas with deeper penetration. 

The addition of silicon had the effect of reducing the 
critical range of chromium (that is, the chromium con- 


tent sufficient to reduce weight loss) from between 11 
to 14 percent to 8 percent or even less. Marked re- 
ductions in corrosion rate were associated with shifts 
of corrosion potential to more positive values. 


1 For further technical details, see Corrosion rates of 
ferrous alloys (Fe-Cr and Fe-Cr-Si) measured by polari- 
zation technique, by W. J. Schwerdtfeger, J. Research 
NBS 66C (Eng. and Instr.) No. 3, 245-254 (July—Sept. 
1962). 

? A study by polarization techniques of the corrosion 
rates of aluminum and steel underground for 16 months, 
by W. J. Schwerdtfeger, J. Research NBS 65C (Eng. and 
Instr.) 271 (1961); also, Corrosion rates measured elec- 


trically in an underground environment, NBS Tech. 
News Bull. 46, 25 (1962). i 


Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Vol. 46, No. 11, Nov. 1962. 15 cents. 
Annual subscription: $1.50, 75 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

Basic Radio Propagation Predictions for February 1963. Three 
months in advance. CRPL-219, issued November 1962. 15 
cents. Annual subscription: $1.50, 50 cents additional for 
tee mailing. Available on a 1-, 2-, or 3-year subscription 

asis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 
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Section B. Mathematics and Mathematical Physics. Issued 


quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 


Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 

Section D. Radio Propagation. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 


Current Issues of the Journal of Research 


Section A. Physics and Chemistry, Vol. 66A, No. 6, Nov.—Dec. 
1962. 
Heat of formation of nitronium perchlorate. A. A. Gilliland. 


NBS Technical News Bulletin 


Phase equilibrium relations in the binary system bismuth 
sesquioxide-niobium pentoxide. R. S. Roth and J. L. 
Waring. 

Elastic constants of rutile (TiO:). 
W. E. Tefft, and D. G. Lam, Jr. 
Reaction of hardened portland cement paste with carbon 
dioxide. C. M. Hunt and L. A. Tomes. 
Titanium standards for hydrogen content. J. T. Sterling, 

F. J. Palumbo, and L. L. Wyman. 

Ultraviolet stability of crosslinked polycaprolactam systems. 
S. D. Bruck. 

Spectral-line intensities, and gf-values in the first spectrum of 
copper. C. H. Corliss. 

Batch adsorption from solution. W. V. Loebenstein. 

Separation of hafnium from zirconium and their determina- 
tion: Separation by anion-exchange. L. A. Machlan and 
J. L. Hague. 

Section B. Mathematics and Mathematical Physics, Vol. 66B, 
No. 4, Oct—Dec. 1962. ; 
Reliability of a system in which spare parts deteriorate in 

storage. G. H. Weiss. 

Estimation of dispersion parameters. W. A. Thompson, Wie 

Laguerre expansions for successive generations of a renewal 
process. G. H. Weiss. 

Bounds on ratios of means. G. T. Cargo and O. Shisha. 

A model for the viscoelastic behavior of rubberlike polymers 
including entanglement effects. R. S. Marvin and H. Oser. 

Black box maximization of circular coverage. C. T. Zahn, Jr. 

An application of information theory to the analysis of con- 
tingency tables, with a table of 2n In n, n=1(1) 10,000. 
S. Kullback, M. Kupperman, and H. H. Ku. 

Section C. Engineering and Instrumentation, Vol. 66C, No. 4, 
Oct.—Dec. 1962. 

An ultra-high speed image dissecting camera for photo- 
eraphing strong shock waves. K. B. Earnshaw and C. M. 
Benedict. 

Biprism method of determining the equivalent focal length 
of flat field lenses. W. R. Darling. 

Effect of air drag on the motion of a filament struck trans- 
versely by a high-speed projectile. F. L. McCrackin. 

A precision noise spectral density comparator. C. M. Allred. 

Stresses in a plate uniformly compressed over portions of its 
two opposite edges. M. Chi and W. D. Kroll. 

Studies of the stress-corrosion cracking of low-carbon steels. 
H. L. Logan. 

A dual centrifuge for generating low-frequency sinusoidal 
accelerations. R. O. Smith, E. A. Willis, and J. S. Hilten. 

Rotational micromanometers. K. Lofquist. 

Study of gypsum plasters exposed to fire. J. V. Ryan. 

Section D. Radio Propagation, Vol. 66D, No. 6, Nov.—Dec. 1962. 

RF impedance probe measurements of ionospheric electron 
densities. J. A. Kane, J. E. Jackson, and H. A. Whale. 

Methods for applying numerical maps of ionospheric char- 
acteristics. W. B. Jones and R. M. Gallet. 

Very-low-frequency radio propagation in the ionosphere. 
D. W. Swift. 

Prolonged space-wave fadeouts in tropospheric propagation. 
A. P. Barsis and M. E. Johnson. 

Range-error compensation for a troposphere with exponen- 
tially varying refractivity. J.J. Freeman. 

On the geometrical optics of curved surfaces with periodic 
impedance properties. C. J. Marcinkowski and L. B. 
Felsen. 

On the limitations of geometrical optics solutions for curved 
surfaces with variable impedance properties. C. J. Mar 
cinkowski and L. B. Felsen. 

Conversion of the amplitude-probability distribution function 
for atmospheric radio noise from one bandwidth to an. 
other. A. D. Spaulding, C. J. Roubique, and W. Q 
Crichlow. 

Some statistical properties of pulsed oblique HF ionospheric 
transmissions. M. Balser and W. B. Smith. 

Induction in a small loop moving with a magnetostatic dipole 
toward a conducting half space. M. B. Kraichman. 

Propagation of terrestrial radio waves of long wavelength— 
theory of zonal harmonics with improved summation tech- 
niques. J. R. Johler and L. A. Berry. 


t 


J. B. Wachtman, Jr., 


December 1962 


Terminal-zone corrections for a dipole driven by a two-wire 
line. K. Iizuka and R. W. P. King. 

Pattern synthesis with a flush-mounted leaky-wave antenna 
on a conducting circular cylinder. A. Ishimaru and F. R. 
Beich. 


Nonperiodicals 


Quarterly radio noise data, March, April, May 1962 and corri- 
gendum for Technical Notes 18-1 through 18-11, W. Q. Crich- 
low, R. T. Disney, and M. A. Jenkins, NBS Tech. Note 18-14 
(Aug. 9, 1962), 50 cents. 

Mean electron density variations of the quiet ionosphere, No. 8- 
October 1959, J. W. Wright, L. R. Wescott, and D. J. Brown, 
NBS Tech. Note 40-8 (Sept. 1962), 35 cents. 

Synoptic radio metrology, B. R. Bean, J. D. Horn, and L. P. 
Riggs, NBS Tech. Note 98 (Oct. 1962), 50 cents. 

Bibliography on direction finding and related ionospheric 
propagation topics, 1955-1961, O. D. Remmler, NBS Tech. 
Note 127 (Oct. 1962), 60 cents. 

Controlled temperature oil baths for saturated standard cells, 
P. H. Lowrie, Jr., NBS Tech. Note 141 (Aug. 1962), 25 cents. 

Equatorial spread F, W. Calvert, NBS Tech. Note 145 (Aug. 1, 
1962), 60 cents. 

The energy parameter B for strong blast waves, D. L. Jones, 
NBS Tech. Note 155 (July 1962), 25 cents. 

Evaluation of unexpectedly large radiation exposures by means 
of photographic film, W. L. McLaughlin, NBS Tech. Note 
161 (Aug. 1962), 15 cents. 


Publications in Other Journals 


Surface preparation of solid metallic samples for X-ray spectro- 
chemical analysis, R. E. Michaelis and B. A. Kilday, Book, 
Advances in X-ray Analysis 5, 405-411 (Plenum Press, Inc., 
New York, N.Y., 1962). 

Infrared wavelength dependence of the total absorptivity of 
electroplated silver, D. Cline, J. Appl. Phys. 33, 2310-2311 
(July 1962). 

Simple strain gauge-based load controller, L. Mordfin and 
R. L. Bloss, Rev. Sci. Instr. 33, No. 7, 772-773 (July 1962). 

Quantum-mechanical calculation of harmonic oscillator transi- 
tion probabilities. II. Three-dimensional impulsive colli- 
sions, F. H. Mies and K. E. Shuler, J. Chem. Phys. 37, 
No. 1, 177-181 (July 1, 1962). 

Remote phase control of station WWV, R. F. Fey, J. B. Milton, 
and A. H. Morgan, Nature 193, No. 4820, 1063-1064 (Mar. 
17, 1962). 

Melting and contractility of feather keratin, L. Mandelkern, 
J. C. Halpin, and A. F. Diorio, J. Polymer Sci. (Letter to 
Editor) 60, No. 169, S31-S33 (July 1962). 

Wave propagation around a curved boundary which contains an 
eee J. R. Wait, Can. J. Phys. 40, 1010-1016 (Aug. 

: 

Four-place table decibels return loss to magnitude of voltage 
reflection coefficient, R. W. Beatty, Microwave Eng. Handb. 
& Buyers Guide, pp. TD188-192 (Nov. 1961). 

Duration and spacing of sferic pulses, R. F. Linfield and C. A. 
Samson, Proc. IRE 50, 1841-1842 (Aug. 1962). 

VHF and UHF signal characteristics observed on a long knife- 
edge, A. P. Barsis and R. S. Kirby, IRE Natl. Conv. Record, 
pp. 17-34 (1961). 

Some observations on growing crystals of argon, L. H. Bolz, 
H. P. Broida, and H. S. Peiser, Acta Cryst. 15, No. 8, 
810-812 (Aug. 1962). 

Methods and techniques of low and very low frequency moni- 
toring at Boulder Laboratories, A. H. Morgan and D. H. 
Andrews, Consultative Committee for Definition of the Second 
Intern. Comm. on Weights and Measures, Apr. 11-12, 1961, 
pp. 1-10 (June 1961). 

Insulation resistance measurements, A. H. Scott, Proc. 4th 
Electrical Insulation Conf., Materials and Application, Wash- 
ington, D.C., pp. 115-117 (Feb. 19-22, 1962). 

Physical measurement: Pilot of progress, A. V. Astin, Steel, 
p. 112 (July 23, 1962). 

Some tensile properties of amalgam, M. S. Rodriquez and 
Saeere J. Dental Res. 41, No. 4, 840-852 (July—Aug. 
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Publications (Continued) 


Vacuum photolysis of solid ethane at 77°K, M. D. Scheer, 
J. McNesby, and R. Klein, J. Chem. Phys. 36, No. 12, 
3504-3505 (June 1962). 

Geomagnetic and solar data, J. V. Lincoln, J. Geophys. Res. 
67, No. 5, 2035-2038 (May 1962). 

A study of the chemical and physical properties of magnetic 
recording tape, F. Nesh and R. F. Brown, Jr., IRE Trans. 
Audio AU-10, No. 3, 70-71 (May—June 1962). 

Supporting evidence for solar flare effects in the F region of 
the ionosphere, R. W. Knecht and K. Davies, Nature 192, 
No. 4800, 348-350 (Oct. 28, 1961). 

Measurement of effect of moisture on heat transfer through 
insulated flat-roof constructions, F. J. Powell and H. E. 
Robinson, Am. Soc. Testing Materials Spec. Tech. Publ. 312, 
35-66 (1961). 

Dependence of interval between flare and associated sudden 
commencement storm on prestorm conditions, M. W. Haur- 
witz, J. Geophys. Res. (Letter) 67, 2979-2982 (July 1962). 

The application of NMR in determination of the structure of 
cyclanols. I. The structures of cyclohexane-1,3-diols, H. Fine- 
gold and H. Kwart, J. Organic Chem. 27, 2361-2365 (1962). 

APPA-TAPPI reference material program. I. Interlaboratory 
investigation of TAPPI standard T 414 m—49, internal tear- 
ing resistance of paper, T. W. Lashof, Tappi 45, No. 8, 
656 (1962). 

Spectrophotofluorometric studies of degrated cotton cellulose, 
S. D. Toner and K. F. Plitt, Tappi 45, No. 8, 681-688 (Aug. 
1962). 

Algorithm and rapid binary division, R. S. Ledley and J. B. 
Wilson, IRE Trans. Electron. Computers EC—10, No. 4, 662- 
670 (Dec. 1961). 

Properties of dental amalgams made from spherical alloy par- 
ticles, N. C. Demaree and D. F. Taylor, J. Dental Res. 41, 
No. 4, 890-906 (July—Aug. 1962). 

Emission spectra of solids condensed at very low temperatures 
from the electrical discharge products of nitrogen and carbon 
monoxide or acetylene, S. L. N. G. Krishnamachari, R. W. 
Nicholls, and H. P. Broida, Proc. Indian Acad. Sci. LIV, 
61-68 (1961). 

Excitation of the red and green coronal lines, C. Pecker and 
R. ae Thomas, Ann. Astrophys. 25, 100-108 (Mar.—Apr. 
1962). 

Dependence of the ionospheric F region on the solar cycle, 
J. W. Wright, Nature 194, No. 4827, 461-462 (May 1962). 

Fast-melting alloy forms water jacket for small klystrons, 
W. J. Anson and E. Niesen, Electron. Design, pp. 42-45 
(Mar. 1962). 

Boolean matrix equations in digital circuit design, R. S. Ledley, 
Ae Electron. Computers EC—8, No. 2, 131-139 (June 

Spectrophotometric determination of hydroperoxide in diethyl 
see W. C. Wolfe, Anal. Chem. 34, No. 10, 1328-1330 (Sept. 

Exchange behavior of kaolins of varying degrees of crystallin- 
ity, W. C. Ormsby, J. M. Shartsis, and K. H. Woodside, 
J. Am. Ceram. Soc. 45, No. 8 361-366 (Aug. 1962). 

Analysis of the hydroxyl radical vibration rotation spectrum 
between 3900 A and 15000 A, A. M. Bass and D. Garvin, 
J. Mol. Spectry. 9, No. 2, 114-123 (Aug. 1962). 
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Microwave measurements in the N.B.S. electronic calibration 
center, R. E. Larson, Inst. Elec. Engrs. 109, Pt. B, Suppl. 
23, 644-650 (1962). 

Structure and structure imperfections of solid B-oxygen, E. M. 
Horl, Acta. Cryst. 15, No. 9, 845-850 (Sept. 1962). 

Kinetics of Cs* desorption from tungsten, M. D. Scheer and 
J. Fine, J. Chem. Phys. 37, No. 1, 107-113 (July 1962). 
Effect of additives on silver iodide particles exposed to light, 
G. Burley and D. W. Herrin, J. Appl. Meteorol. 1, No. 3, 

355-356 (Oct. 1962). 

A modulated sub-carrier technique of measuring microwave 
attenuation, G. E. Schafer and R. R. Bowman, Inst. Elec. 
Engrs. 109, Pt. B, Suppl. 23, 783-786 (1962). 

A survey of microwave power-measurement techniques em- 
ployed at the National Bureau of Standards, G. F. Engen, 
Inst. Elec. Engrs. 109, Pt. B, Suppl. 23, 734-739 (1962). 

Symposium on teaching of materials: Aspects of material be- 
havior significant to engineers, J. M. Frankland, J. Eng. 
Mech. Div.—Proc. Am. Soc. Civil Engr. Paper No. 3246, 75— 
81 (Aug. 1962). 

Neutral meson photoproduction from complex nuclei, R. A. 
Schrack, J. E. Leiss, and S. Penner, Phys. Rev. 127, No. 5, 
1772-1783 (Sept. 1, 1962). 


Publications for which a price is indicated are available 
from the Superintendent of Documents, U.S. Government Print- 
ing Office, Washington 25, D.C. (foreign postage one-fourth — 
additional). Reprints from outside journals and the NBS 
Journal of Research may often be obtained directly from the 
authors. 


Patents Granted on NBS Inventions 


The following U.S. Patents have recently been granted on 
NBS inventions and, except as noted, are assigned to the 
United States of America as represented by the Secretary of 
Commerce: 


3,041,465 June 26, 1962. Auxiliary power supply. Vivian 
E. Ayre (Navy). 

3,043,182 July 10, 1962. Interferometer for testing large 
surfaces. James B. Saunders. 

3,045,202 July 17, 1962. High frequency coaxial coupling. 
Gustave Shapiro (Navy). 

3,046,205 July 24, 1962. Nickel-aluminum alloy coatings. 
Dwight E. Couch, Harold Shapiro, Abner Brenner, and Jean H. 
Connor (Navy). 
3,046,313 July 24, 1962. Preparation of pentafluoroiodo- 
benzene. Walter J. Pummer and Leo A. Wall (Navy). 
3,046,473 July 24, 1962. Very narrow-pass filter using 
Zeeman-Split absorption lines. Karl G. Kessler and Walter G. 
Schweitzer, Jr. 

3,052,064 September 4, 1962. Glassblower’s safety mano- 
stat and system. Robert S. Kaeser. 

3,054,289 September 18, 1962. System for measuring net 
positive suction head of pumps. Richard J. Hardy, Kenneth B. 
Martin, and Robert B. Jacobs. 


3,057,381 October 9, 1962. Method and apparatus for 
stretch-forming wire-grid strain gages. Joseph W. Pitts 
(Navy). 

3,058,079 October 9, 1962. Hygrometer elements. Frank 


E. Jones (Navy). 
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